The cross-reactivity of monoclonal antibodies produced against staphylococcal enterotoxin A with purified and crude enterotoxins B, C,, D, and E and the specificity of such reactions were evaluated by the indirect enzyme-linked immunosorbent assay and immunoblotting of Western blots (from sodium dodecyl sulfatepolyacrylamide gel electrophoresis) followed by autoradiography. Purified and crude enterotoxins B were also tested with polyclonal antibodies. Specificity of reactivity was demonstrated by immunoblotting of crude enterotoxin A, crude enterotoxin A treated with trypsin, crude enterotoxin E, and also with crude A, B, Cl, and D that were pretreated with Sepharose-4B-linked normal rabbit immunoglobulin G to remove protein A. A band corresponding to each staphylococcal enterotoxin was seen with monoclonal antibodies under all conditions tested and also with crude and purified enterotoxin B with two different (rabbit and goat) polyclonal antisera.
Staphylococcal enterotoxins (SE) A (SEA), SEB, SEC,, SEC2, SEC3, SED, and SEE which cause food intoxications in humans are detected in foods on the basis of their specific reactivity in a double-gel immunodiffusion system (microOuchterlony or microslide) with polyclonal antiserum against each of the SE. Though each of the SE bears a major distinct antigenic site (2), cross-reactivities among SE (1, 3, 10, 11) demonstrated the existence of minor common antigenic site(s) among SE. Polyclonal antibodies directed against this minor site enabling detection of all SE have not been produced. Antibodies that react with SEB, SEC1, and SEC2 (13) have been isolated. Furthermore, the use of polyclonal antibodies in conjunction with sensitive and rapid assays such as the radioimmunoassay, enzyme-linked immunosorbent assay (ELISA), and reverse passive hemoagglutination assay could not successfully be utilized due to lack of specificity of these assays (4) .
Since monoclonal antibodies (MAb) offer a greater degree of specificity than polyclonal antibodies, the selection of one or two MAb that react with all of the SE should provide a rapid, sensitive, and specific assay for detection of SE in foods. With this goal in mind, we and others (9, 15, 17) have recently succeeded in producing clones that secreted MAb which showed high reactivity with SEA and SEE (9) , high reactivity with SEB, SEC1, SEC2, and SEC3 (17) , and high reactivity with SEB and SEC and low reactivity with SEA, SED, and SEE (15 (12) . A Western blot of the 4 1/2 h trypsinized material from the SDS-PAGE was used to demonstrate SEA-MAb binding through autoradiography.
Reactivity of MAb with SEB, SEC,, SED, and SEE. The reactivity and specificity of reactivity of MAb with purified and crude SEB, SEC1, SED, and SEE was evaluated through use of an indirect ELISA and also through immunoblotting followed by autoradiography.
The indirect ELISA system was prepared as described earlier (9) with purified SE at 10 or 1 ,ug per well as a coating antigen and horseradish peroxidase-linked rabbit anti-mouse IgG (Miles Laboratories, Elkhart, Ind.) as the conjugate. The substrate was 2,2'-azino-di(3-ethylbenzthiazole sulfonic acid) (Sigma). Absorbancies at 405 nm after a 20-min incubation were measured by the micro-ELISA Autoreader (MR580; Dynatech Laboratories, Inc., Alexandria, Va.).
Immunoblotting and autoradiography. Purified and crude SE from SDS-PAGE were transferred (Western blots) onto nitrocellulose (8) at 600 V for 3 h. Nitrocellulose strips were blocked overnight in Tris-saline buffer with 4% bovine serum albumin at 4°C. These strips containing immobilized proteins were then exposed to MAb for 16 h at 4°C or room temperature. After three washes with Tris-saline buffer containing 0.05% Triton X-100, the strips were incubated for 3 h at 37°C with sheep anti-mouse F(ab')2 fragments labeled with 1251 (7.5 x 104 dpm/ml; New England Nuclear Corp., Boston, Mass.). The strips were then washed six times with Tris-saline-Triton X-100 and exposed to Kodak X-Omat AR film at -85°C with a Cronex intensifying screen (Du Pont Co., Wilmington, Del.).
Immunoblotting of SEB with polyclonal antibodies. Nitrocellulose strips from Western blots of two batches of purified SEB and one batch of crude SEB from 10% and 12% SDS-PAGE were exposed to two different batches of RESULTS AND DISCUSSION Our data published earlier (9) demonstrated that the MAb from each of the four clones showed high reactivity with SEA, and MAb from one of the clones (C5) also exhibited a high degree of cross-reactivity with SEE in an indirect ELISA system (titers of 10-7 with SEA and 10-6 with SEE).
However, the MAb from clones C3, B211, and B21 with titers of 10-5 to 10-7 reactivity to SEA showed only low reactivity with SEE (titers of less than 10-3). In this respect of cross-reactivity, the MAb from C5 differed considerably from the other clones.
In this study we examined the cross-reactivities of MAb from clones C5, C3, B211, and B21 with purified SEB, SEC1, and SED by an indirect ELISA system with 1 or 10 pLg of SE as the coating antigen. Results from these experiments (data not shown) indicated very low reactivities; OD values were in the order of 0.2 to 0.4, which was two times the controls at MAb dilutions of <10-2 with SEB and C1 and 10-3 with SED as compared with >1.5 with SEA and MAb dilutions of >10-5 (9) . The reactivity noted in the ELISA could not always be interpreted as being specific to SE because protein A, which is regularly produced by S. aureus, could also contribute to positive results by its reaction with the Fc portion of IgG. With our MAb we noted protein A to yield positive results (by visual color distinction between test and controls). Therefore, we switched our assay system from ELISA to immunoblotting to clearly demonstrate specific reactivity with SE even in the presence of other nonspecific or protein A reactivity. The data shown in Fig. 1 To eliminate this interference for subsequent work, crude SE from growth of S. aureus 243, 293, and 494 producing SEB, SEC1, and SED, respectively, was each passed through an affinity column (normal rabbit IgG linked to Sepharose 4B) to remove protein A. The effluents from the column were found to be free from protein A by the microslide immunodiffusion assay. Data on cross-reactivity of MAb from clone C3 with crude and purified SE are shown in Fig. 3 . The MAb showed specific binding to SEA, SEB, SEC,, and SED (Fig. 3A, lanes 2, 3, 4 , and 5, respectively) by yielding a single band for each SE. Each of the purified SE (SEA in Fig. 3A, lane 1 ; SEB, SEC1, and SED in Fig. 3B,   lanes 1, 2, and 3, respectively) showed binding to the MAb. Crude SEA and SED (Fig. 3A, lanes 2 and 5) appeared to be slightly bigger than 30K. All of these purified and crude SE yielded an approximate Rf of 0.56 to 0.60 under our electrophoretic conditions. The molecular weight of crude SE may vary from S. aureus culture to culture, depending upon perhaps their proteolytic activities.
The data presented here confirm (i) the specific reactivity of MAb, produced against SEA, with crude SEA present in culture extract as a minor component of several extracellular proteins, (ii) the cross-reactivity with SEB, SEC, SED, and SEE, and (iii) the possibility of false-positive results in the ELISA from protein A or other proteins. The (20 ,ug) transferred from SDS-PAGE (10% polyacrylamide) and exposed to the following: 1, polyclonal rabbit anti-SEB (batch 1) followed by 125I-labeled protein A; 2, MAb from clone B2I followed by '25I-labeled sheep anti-mouse F(ab')2. (Molecular masses are given in kilodaltons.) or existence of intracellular larger precursor SEB than the mature extracellular SEB was reported with polyclonal antisera (7) . Therefore, we decided to evaluate the specificity of MAb and polyclonal antibodies with purified and crude SEB (mature extracellular form) (Fig. 4) . Radiolabeled (1251) protein A was used as the probe to detect band(s) bound to polyclonal antibodies and 125I-labeled sheep antimouse F(abl)2 fragments for detecting the band(s) bound to MAb. Purified and crude SEB yielded a single distinct band of 30K, whereas crude SEB showed additional bands of larger (50 to 60K) and smaller (25, 22 and <20K) molecular masses (Fig. 4A) . The two larger bands of 50 to 60K seen with crude SEB (Fig. 4A , lane Ib), which were faint after exposure to the film for 5.5 h, became more distinct upon 
